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ABSTRACT 


A  new  transdicer  capable  of  automatic  background  compensation  is  suggested  for 
use  in  an  electronic  comparator  system  employed  as  a  passive  optical  rangefinding 
technique#  The  transducer,  which  is  a  vacuuiri  tube  similar  to  the  Image  orthicon, 
achieves  the  background  compensation  by  neutralization  of  opposite  charge  patterns 
on  a  special  target  plate  structure#  ^ome  of  the  theoretical  capabilities  and  sen¬ 
sitivities  of  such  a  system  are  analyzed# 
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INTRODUCTION 


For  a  better  understanding  of  the  principles  involved  in  automatic  electronic 
range  finding,  it  is  suggested  that  ARL  TR  60-302,  **AutoiTiatic  Optical  Rangefinder**, 
by  V/erner  Rambauske  and  Hubert  Kuesters,  and  ARL  IN  60-10?,  "A  Super  Fnst  Recorder 
for  Day  and  Night  Observations  of  Space  Vehicles  Using  a  Light  Amplifier  Capable  of 
Suppressing  the  Background  and  Discriminating  Moving  Objects",  by  Radames  K.H*  Gebel, 
be  read  first# 

To  achieve  a  satisfactory  automatic  optical  range  finder,  Dr.  Lee  Devol,  Chief, 
Solid  Stote  Physics  Research  Laboratory,  suggested  the  combining  of  the  principles 
used  in  the  sequential  light  amplifier  system  and  in  the  High  Speed  Optical  Compar¬ 
ator  described  in  ARL  TR  60-302. 

THE  TECHinCAL  ARRAN0EM5KT 

The  backgro>md  compensating  transducer  conceived  by  the  author  and  described 
in  ARL  I7J  60-10?  can  be  used  in  an  arrangement  as  shown  by  Figure  1,  for  optical 
range  finding. 

The  photocathode  of  the  transducer  tube  in  this  figure  is  alternately  exposed 
to  the  light  from  each  of  t-wo  lens  systems,  by  neans  of  a  mirror  which  locks  during 
the  selected  scanning  field  times  into  positions  ]  or  2.  For  high  speed  operation, 
two  Kerr  Cell  shutter  arran'^enents  or  tv;o  pulsed  image  converter  tubes  may  be  used 
if  the  latter  can  be  sufficiently  well  matched  to  each  other.  The  rotatable  mirror 
is  then  replaced  by  a  proper  optical  arrangement  which  alternately  focuses  the  im¬ 
ages  onto  the  same  photo cathode  area. 

In  position  1  the  stream  of  electrons  procuded  by  Uie  photocathode,  correspon¬ 
ding  to  the  optical  imago  f>cused  onto  it,  is  sufficiently  accelerated  to  produce  a 
*’sccondary  emission  yield**  greater  than  1  on  the  target  nlate,  resulting  in  a  posi¬ 
tively  charged  pattern.  V/ith  the  mirror  switched  to  position  2,  the  accoleratijig 
voltage  is  reduced,  or  a  decoleratinf"  screen  is  operated  so  that  the  secondary 
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emission  yield  effective  cn  the  target  plate  is  less  than  1,  depositing  a  negative¬ 
ly  charged  pattern.  Thus  electrons  are  now  supplied  to  the  target  plate  which  neu¬ 
tralize  the  positive  charge  previously  obtained.  The  inage  section  of  this  trans¬ 
ducer  obviously  has  to  be  designed  in  such  a  manner  that  tne  ch^^rgc  patterns  have 
the  same  dimensions  in  positions  1  and  2;  when  this  is  done,  effective  neutraliza¬ 
tion  of  the  two  charge  patterns  can  be  accomplished  by  choosing  the  proper  settings 
of  apertures  1  and  2#  If>  by  proper  optical  aligning  of  tlie  tvro  lenses,  identical 
charge  patterns  are  obtained  for  a  background  at  essentially  an  Infinite  distance, 
vjhich  may  be  formed  by  clouds,  stars,  etc,,  then  an  object  'm  the  foreground  will 
not  be  completely  compensated  and  a  voltage  patiem  on  the  target  plnte  will  result 
from  which  the  range  to  the  object  can  be  ob tainted.  During  the  time  intervals  the 
mirror  is  changing  positions,  no  voltage  is  supplied  to  the  photocathode.  The  tar¬ 
get  plate  is  scanned  only  when  turnrng  from  position  2  to  1,  at  which  time  the  in¬ 
formation  is  given  to  the  storage  i*eproducer  or  the  computer, 

THE  RESOLUTION  AND  ACCURACY 


It  is  assumed  that  any  image  disparity  between  either  the  size  or  the  position 
of  the  nosit ivc  and  negative  image  charres  on  the  target  plate  produced  by  optical 
or  geometrical  inaccuracies  is  sufficiently  smaller  than  the  width  one  line  of 
resolution,  so  that  it  may  be  neglected, 

The  smallest  resolvable  angleoC^^in radians  (Figuirc  2)  corresponding  to  one 
line  of  resolution  when  focusing  for  infinity  is 

jKres.  S  (1) 

06  res.  = 

where  ^res  “  width  of  one  line  of  resolution  in  trjn  at  the  transducer  photocathode 
S  «  effective  length  in  mm  of  the  transducer  photocathode 
R  =  number  of  effective  television  resolution  lines  of  transducer 
photo cathode 

f  ■  focal  length  in  im  of  optical  system 
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If  in  ^^ven,then  the  number  of  resolution  lines  which  the  object  will  cover  on 

the  reproducer  screen  is  ^ 

n  =  -j - 

cl  cxres.  (2) 

where  d  is  the  distance  of  the  object  from  the  optical  system  and  Z  is  its  apparent 
dimension#  However,  even  thouf^h  an  object  may  have  a  size  corresponding  to  less 
than  one  resolution  element  it  will  be  repix)duced  as  large  as  one  resolution  element 
if  its  contrast  a’ri  brightness  are  sufficient  for  detection# 

The  limiting  accuracy  of  such  systems  can  be  calculated  using  the  following  rea 
soning:  The  system  is  assumed  to  be  aligned  so  that  the  length  and  position  of  line 
c  of  Fig'ire  2  is  the  same  for  the  two  optical  systems  at  A  and  0#  Movement  of  the 
object  from  B*  to  along  d*  can  be  observed  by  lens  syst>em  1  only  if  the  distance 

is  of  sufficient  length  to  correspond  to  one  line  of  resolution  on  the  sensor# 

Th'^  shortest  d^  stance  between  point  and  line  d,  which  corresponds  to  m  lines  of 
resoluti  n,  we  sha  1  call  p  .  Then 


taaA  -  4^ 

(3) 

4rn  +  m  (X  res. 

(iO 

0.5  b 

"^0  -  tan./Srn 

(5) 

,1  0.5  b 

~  tan^  +  rnocres.^ 

(6) 

THE  SEMSTTIVITY 

The  limiting  sensitivity  achievcable  by  such  a  system  is  basically  deteminod 
by  the  degree  of  compeasat^on  of  the  luminous  l:>ackground  at  the  target  plate  an-4  by 
tne  fundamental  statistical  fluctuations  in  the  coarge  pattern  of  the  transducer 
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target  plate. 

If  perfect  conpensation  of  tho  background  is  assumed,  the  statistical  fluctua¬ 
tions  in  the  background  will  still  re.;ain  and  add  geometrically.  The  limiting  sen¬ 
sitivity  for  any  situation  in  detecting  light  as  detorriined  by  statistical  consider¬ 
ations  has  been  treated  extensively  by  the  author  in  hir  paper:  ’*The  Limitations  in 
Itesolution  and  Dincrin  nation  in  Brightness  Differences  for  Light  Amplifier  Systems 
Using  Contrast  Enhancement®,  in  the  Ohio  Journal  of  Science,  Vol,  6l,No,  6,  Novem¬ 
ber  1961,  ptiges  33?-3hO,  which  may  be  used  for  analyzing  the  above  situation, 
Example;  A  range  finder  system  as  sh'^wn  by  Fig\u:e  1  with  a  U  meter  base  and  an  op¬ 
tical  system  with  $00  mm  focal  length  is  used.  The  effective  photocath¬ 
ode  size  is  2$  mm  and  1000  TV  lines  of  resolution  are  possible.  Effec¬ 
tive  horizontal  object  size  =  2  meters.  The  smallest  re^^olvable  angle  is, 
using  Eq  (1) 

2  5 

cx^res.  =  =  5  X  lo'^mdi'ans  10  sec.of  Qrc. 

1000  X  OOO 

The  number  horizontal  resolution  lines  by  which  th^  object  is  resolved  if  at  a 
distance  of  10  Km,  using  Eq  (2)  is 

n  =  - ? - 5  =  4 

10  000  X  5  ^  10  ^ 

Assuming  the  background  alignment  of  the  system  was  rade  for  10  Km,  then  the  dis- 
tar.ee  which  the  object  has  to  move  toward  the  rangefinder  so  that  corresponds  to 
one  resolution  element,  usin.r-  Eq  (Li),  is 

d'm  =  10  000  - e  ^ - 5-=2000meter 

20  X  lO‘^+l  x5x  10 

Act'ially  an  equivalent  separation  of  one  resolution  line  will  probably  not  bo  ade¬ 
quate  for  -positive  detection;  if  we  assume  that  a  separation  of  6  lines  is  adequate, 
is  as  follows 

1 1  ^  0. 5  X  4 

=  10000  —  - - - -  Si  6000  meter 

20  X  10"^+6  x5  xlO"^ 

(where  tan ^  =•  ^  in  radians  used,  siJice  ^  ^  <5°  ), 
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